Objective: To evaluate prospectively serological markers at baseline and during treatment in patients with rheumatoid arthritis (RA) initiating rituximab treatment, following failure of antitumour necrosis factor (TNF)-a therapy. Methods: Patients with RA and healthy control subjects were recruited. Plasma complement (C)3, C4, rheumatoid factor (RF), anticitrullinated protein antibody (ACPA), immunoglobulin (Ig)M, A and G, disease activity scores (DAS) and therapeutic response were recorded at baseline and at 6, 12 and 18 months. Results: Patients (n ¼ 35) had significantly higher C3 and C4 levels than controls (n ¼ 30). At 12 months after initiation of rituximab, C3 and C4 levels were significantly lower in patients who responded to treatment, compared with nonresponders. There were direct correlations between C3 levels and DAS at 12 months in the study population as a whole, and between IgM levels and DAS in responding patients after 6, 12 and 18 months' treatment. Conclusions: C3 and IgM levels may represent potentially useful serological markers of disease activity during rituximab treatment in patients with RA.
Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease that is characterized by the activation of innate and adaptive immunity. 1, 2 The complement system plays a key role in the pathological processes of RA, and evidence indicates that B cells may act at multiple levels of the inflammatory cascade. 3 Biological drugs targeting inflammatory mediators and cells have changed the prognosis of RA. 4 It is therefore important to identify biomarkers that are potentially associated with disease activity, in order to monitor effectively the disease progression and treatment efficacy.
Rituximab is a genetically engineered chimeric monoclonal antibody targeted to CD20þ B cells that is approved for the treatment of RA patients not responding to disease-modifying antirheumatic drugs (DMARDs), including anti-tumour necrosis factor (TNF)-a drugs. 5 The aim of this study was to evaluate serological markers in patients with RA, before and during rituximab treatment.
Patients and methods

Study population
The study prospectively enrolled consecutive patients with RA who were unresponsive to anti-TNF drug therapy, attending the Rheumatology Unit, University of Rome ''Tor Vergata'', Rome, Italy, between January 2008 and December 2014. All patients began treatment with 1000 mg rituximab i.v. infusion on days 0 and 15, followed by the same two doses of rituximab every 6 months. Each treatment was preceded by 100 mg methylprednisolone i.v. Inclusion criteria were: aged >18 years; RA diagnosed according to American College of Rheumatology (ACR) criteria 6 ; failed treatment with DMARDs and one anti-TNFa drug; active disease based on 28-joint disease activity score (DAS28; four variables, erythrocyte sedimentation ratebased 7 ); weekly 15 mg methotrexate intramuscular injection. Age-and sex-matched healthy control subjects were recruited from the staff of the University of Rome ''Tor Vergata''. Exclusion criteria for all participants were recent infection, HIV infection, history of cancer, major organ dysfunction or pregnancy.
The study was performed in accordance with the Declaration of Helsinki. All patients and controls provided written informed consent and the ethics committee of the University of Rome ''Tor Vergata'' approved the study.
Data collection
Venous blood samples were obtained from each participant's antecubital vein using standard techniques. Data included plasma concentrations of C3 and C4, and serum concentrations of immunoglobulin (Ig)M, A and G, rheumatoid factor (RF) and anticitrullinated protein antibody (ACPA). C4 was quantified by radial immunodiffusion (Meloy Laboratories, Springfield, VA, USA) and C3 by nephelometry according to standard methods. 8 ) and concomitant prednisone and/or conventional synthetic (cs) DMARD use were recorded. Laboratory assessments and clinical data were recorded at baseline (T0) and at 6, 12 and 18 months.
Statistical analyses
Data were presented as mean AE SD or n (%). Between-group comparisons were made using Mann-Whitney U-test, and Pearson's correlation coefficient was used to evaluate correlations between two variables. P values < 0.05 were considered statistically significant. Statistical analyses were performed using Prism Õ version 6 (GraphPad Software, San Diego, CA, USA).
Results
The study included 35 patients with RA (six males/29 female; mean age 58.3 AE 13.5 years; age range 21-78 years) and 30 healthy control subjects (five male/25 female; mean age 50.0 AE 10.3 years; age range 26-75 years). Baseline demographic and clinical data for study participants are shown in Table 1 . The majority of patients received prednisone and/or csDMARDs. Plasma C3 and C4 concentrations were significantly higher in patients than controls (P ¼ 0.01 and P ¼ 0.03, respectively).
At each time point after initiation of rituximab, patients were classified as treatment responders (6 months n ¼ 21, 12 months n ¼ 20, 18 months n ¼ 25) and nonresponders (6 months n ¼ 14, 12 months n ¼ 15, 18 months n ¼ 10). Plasma concentrations of C3 and C4 were significantly lower in responders than in nonresponders at 12 months (P ¼ 0.03 and P ¼ 0.001, respectively; Figure 1A ). There was a direct correlation between C3 and DAS28 at 12 months after treatment initiation in the study population as a whole (P ¼ 0.03, r ¼ 0.5; Figure 1B ). There was no corresponding correlation between C4 concentration and DAS28. In the study population as a whole, serum IgM concentrations were significantly lower than baseline after 6, 12 and 18 months' treatment (P ¼ 0.04, P ¼ 0.03, and P ¼ 0.02, respectively; Figure 1C ). Furthermore, a direct correlation was observed between IgM levels and DAS28 in responding patients, after 6, 12 and 18 months' treatment (6 months P ¼ 0.01, r ¼ 0.5; 12 months P ¼ 0.03, r ¼ 0.7; 18 months P ¼ 0.01, r ¼ 0.5; Figure 1D -F). There were no treatmentassociated changes in serum IgG, IgA, RF and ACPA concentrations (data not shown). 
Discussion
Anti-TNF-a drugs have been shown to affect components of both the innate and adaptive immune system. 10, 11 Modifications of the complement system seem to be associated with disease activity in patients with RA treated with anti-TNF-a therapies. 8 Rituximab has good efficacy and safety profiles in RA. 5 The present study found that C3 and C4 levels were reduced in patients with a good response to rituximab, compared with nonresponders. Others have shown that IgM levels in patients with RA are reduced by rituximab treatment. 12 Our finding suggests that IgM levels correlated with disease activity in treatment responders and was in accordance with rituximab acting via modulation of B lymphocytes. 12 In conclusion, C3 and IgM levels may represent potentially useful serological markers of disease activity during rituximab treatment in patients with RA.
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